Horses are routinely travelled for access to safe off-road riding, veterinary care, 2 breeding, sale or moving to a new home environment. However, transport is a known 3 stressor in horses. For this reason, problem behaviour when loading is a commonly 4 reported issue which presents risks to handlers and horse welfare. Existing literature 5 and manufacturers recommendations suggests that alpha-casozepine may be 6 effective in improving the behaviour and welfare of horses during loading onto a 7 vehicle for transport. The current paper aims to assess the behavioural and 8 physiological effects of a commercially available alpha-casozepine feed supplement 9 (Zylkéne Equine) in horses during loading and confinement on a transport lorry. 10 Subjects (n = 10) were loaded once with the supplement and once without, in a 11 balanced random order with each subject acted as their own control. The handler 12 was blind to treatment. Time to load onto the lorry, and movement of feet, licking and 13 chewing, and vocalising within the lorry, were recorded as behavioural indicators of 14 compliance and coping. Heart rate, heart rate variability, salivary cortisol, and 15 infrared thermography of both core temperature and the discrepancy between eyes, 16
Introduction 32
Horses are routinely travelled for access to safe off-road riding, veterinary care, 33 breeding, sale or moving to a new home environment. However, transport is a known 34 stressor in horses (Schmidt et al., 2010) due to features such as confinement, novel 35 noises, unstable flooring, the presence of unfamiliar conspecifics and sudden 36 changes in light. For this reason, problem behaviour when loading is a commonly 37 reported issue, which presents risks to handlers and horse welfare. During loading, 38 the handler motivates an approximately 500kg animal with a highly evolved flight 39 response into a confined space, which neither the horse nor handler can easily 40 escape if an accident occurs. Sedation may be offered to improve behaviour but this 41 may reduce the motor-control of the animal, increasing the risk of loss of balance 42 during transport and subsequent injury. Further, sedatives are commonly banned in 43 horses being transported for competition (FEI, 2018) and sedatives that mainly affect 44 motor-control may make the horse more manageable and cause them to appear 45 calmer, without addressing the underlying anxiety trigger by the environment. 46
Ideally, correctly applied behaviour modification techniques aimed at habituating the 47 Subjects wore protective equipment such as rugs, travel boots or poll-guards at the 150 discretion of their owner. All subjects were handled by the same individual (C.I.) who 151 is experienced in loading horses and experimental handling and was blind to 152 treatment. Horses were led to a marker 3.5m from the ramp of the lorry and halted. 153
Horses were handled using appropriate pressure and release (McGreevy and 154
McLean, 2009). Forward pressure on the leadrope was used to indicate the horse 155 should step forward. This was immediately released when the horse complied. If the 156 horse did not respond to leadrope pressure, they were rhythmically tapped on the 157 rib-cage first with increasing speed and then increasing intensity if required, until 158 they took a forward step. Soft vocal cues were also used to indicate correct 159 responses and tactile positive reinforcement, including wither scratching 160
( Thorbergson et al., 2016) . This was used on loaded horses to encourage them to 161 stand while the ramps were closed. Once inside the closed lorry, subjects were 162 cross-tied in the center of the lorry with elasticated safety lines (Figure 1) . The 163 handler then took the post-loading IRT images before stepping through the internal 164 door and sitting out of the subject's vision on a stool placed in the equipment 165 compartment. Each horse remained within the lorry for 5 minutes, the doors were 166 then re-opened and the subject unloaded. 167
169
Infrared Thermography 170 ninety-degree angle and 1m distance from the eye as accurately as possible within 173 the confines of the space available. IRT readings were taken in the stable before 174 testing (S.G.), once loaded onto the lorry when the ramp had been closed and before 175 the ramp was opened and the horse was unloaded from the lorry (C.I.). The 176 temperature was analysed for each horse retrospectively using FLIR tools (ver. 177 5.9.16284.1001). The maximum temperature within the palpebral fissure from the 178 lateral commissure to the lacrimal caruncle (Yarnell et al., 2013 ) was used and the 179 discrepancy between the temperatures for each eye was calculated by subtracting 180 the temperature of the left eye from the right eye (Lush and Ijichi, 2018) . C.I. and 181 S.G. analysed the images independently and, on the rare instance where they 182 varied, the highest recorded temperature for each image was used for analysis. The 183 average of both eyes is referred to as Core Temperature. The difference in 184 temperature between the eyes is referred to as Temperature Discrepancy. 185
186

HRV Readings 187
A Polar Equine V800 heart rate monitor (Polar Electro Oy, Kempele, Finland) was 188 paired to an elasticated adjustable surcingle. This was fitted to each horse after IRT 189 images were taken but prior to leaving the stable, by wetting the girth area and then 190 ensuring close contact to ensure conductivity (S.G.). The paired watch was looped 191 onto the surcingle to ensure that it remained within connectivity boundaries at all 192 times. Subjects had a minimum of 5 minutes to habituate to the surcingle which was 193 deemed to be sufficient as all subjects had previously worn girths and/or lunging 194 rollers. Recordings began at a marker 3.5m meters from the ramp of the lorry and 
Cortisol Samples 212
Cortisol samples were taken using an Equisal saliva collection kit. The swab was 213 removed from its packaging and inserted into the side of the horse's mouth through 214 the interdental space, between the front and back teeth and above the tongue. The 215 swab was moved gently around the top of the tongue until enough saliva was 216 collected. This was judged using the colour change indicator, which turned from 217 white to pink when sufficiently saturated. Once the sample collection was complete 218 the swab was placed into a tube and chilled until it could be frozen, awaiting 219 analysis.
taken in the stable to determine a baseline level of cortisol for each horse by the 222 same experimenter (S.G.). This was done after IRT readings -to ensure that the 223 swabbing did not elevate core temperature -but before the heart rate monitor was 224 fitted -which might affect cortisol in sensitive horses. The second saliva cortisol 225 sample was taken after 5 minutes within the lorry, after the final IRT images were 226 taken and before the subject was unloaded. The researcher (C.I) re-entered the 227 horse compartment through the internal door and took the second sample in the 228 same method described above. Pre-test cortisol values were subtracted from post-229 test values to indicate the change in cortisol as a result of loading and confinement 230 (Table 1) . This was to account for any variation in cortisol that was not the result of 231 testing, such as slight diurnal differences or uncontrollable extraneous sources of 232 stress. Baseline cortisol, post-test cortisol and changes in cortisol were included in 233 further analysis. 234 Table 1 . Baseline, post-test and change in salivary cortisol levels (μg/dL) for each 236 subject in treatment and control trials. and 200 μL was added to each well. The plate was mixed on a plate rotator for 5 257 minutes at 500 rpm and incubated at room temperature for a total of 1 hour. The 258 plate was washed 4 times with the 1X wash buffer. After each wash, the plate was 259 thoroughly blotted on paper towel before it was turned upright. The plate was mixed 260 again on a plate rotator for 5 minutes at 500 rpm and incubated in the dark (covered) 261 at room temperature for an additional 25 minutes. 50 μL of Stop Solution was added 262 to each well. The plate was mixed on a plate rotator for 3 minutes at 500 rpm. This 263 was continued until all wells showed a yellow colour. The plate was read in a plate 264 reader at 450 nm within 10 minutes of adding the Stop Solution. 265
266
Behavioural Observations 267
Researchers recording behaviour were blind to treatment. The time taken to load 268 was measured by the same researcher (K.S.) using a stopwatch. Time was started 269 when the handler stepped past the marker 3.5m from the ramp and ended when the 270 final hind foot of the subject entered the lorry. Once inside the lorry, horse behaviour 271 was recorded by a camera mounted on a tripod within the equipment compartment 272 analysis was conducted on T-tests to determine whether non-significant differences 299
were due to a lack of effect or insufficient sampling (Field et al., 2012) .
wash-out period may have confounded results, limiting the ability to detect a truly 302 significant effect. If subjects were treated for the first trial, and the supplement had 303 not completely washed out by the time they were tested for the Control trial, this may 304 cause an insignificant effect in the whole sample, when in fact, the supplement is 305 effective. Therefore, for variables that were not significantly affected by treatment in 306 the whole sample, a subset of subjects who were tested with the control first (n = 5) 307
were tested for differences between Treatment and Control. Subjects who were 308 tested with the control first could not have had control trials affected by residual 309 substance. Therefore, if this test of difference is significant, it indicates that non-310 significant findings in the whole sample were the result of residual supplementation 311 and insufficient wash-out period. If the test is insignificant, it confirms non-significant 312 results seen in the whole cohort. 
331
There were no significant differences between Treatment and Control in subjects 332 tested with Control before Treatment, with the exception of Core Temperature Post-333 that the subjects in this experiment were not sufficiently aroused by the tests to 362 differentiate between treatment and control as they had no known aversion to 363 loading. On the contrary, if the substance has limited effect, efficacy may be further 364 reduced in horses with a very pronounced anxiety response. Therefore, further 365 testing on horses with known anxiety response to loading is required. 366
Confinement (Table 4). Power was sufficient in all tests (Tables 2, 3 & 4). 334
Interestingly, supplementation with Zylkéne Equine did have a significant and 367 positive effect on time to load. Horses treated with alpha-casozepine loaded 368 significantly faster into the lorry than when under control conditions. This resultcannot be explained by the handler biasing the loading procedure as this individual 370 was blind to the randomised treatment order. Whilst this is a positive indicator that 371 many horse owners would value, the actual difference in median time was only 0.45 372 of a second. This is arguably not a meaningful difference that handlers would value. 373
However, difference in loading time had a statistically strong effect. Therefore, a 374 more pronounced differentiation between the two treatments in horses that have 375 known reluctance to enter a transport vehicle may be possible. However, since the 376 supplement had no significant effect on physiology, this cannot be assumed. control. Previous studies noted modest differences in behavioural indicators of stress 385 and compliance (McDonnell et al., 2014 (McDonnell et al., , 2013 . However, these studies did not 386 utilise within individual differences and had small sample sizes, leaving them 387 vulnerable to the effects of individual differences. 388
The current study used a paired design which limits the confounding effects of 389 individual differences on results. One possible limitation of this approach is that 390 subjects who are tested with the Treatment first may have confounded Control tests 391 if a complete wash-out is not achieved. However, a sub-sample of subjects that 392 received Control before Treatment were analysed and most tests of difference weretemperatures were significantly hotter in the treatment group, which does not support 396 reduced arousal indicative of increased coping in subjects supplemented with 397
Zylkéne Equine (Valera et al., 2012) . Taken as a whole, this suggests that 398 inadequate wash-out of the supplement does not explain the lack of effect noted in 399 the current study. 400
The current study is not without limitations. For ethical considerations, only horses 401 that were experienced travellers with no known aversion to loading were used and 402 this may not reflect how the substance would act when used in anxious individuals. 403
In particular, time taken to load may differ in subjects who find this aversive and 404 increased arousal may differentiate between treatment and control. Further, the 405 dosage was the minimum recommended by the manufacturer and manufacturer's 406 guidelines are not sensitive to the body weight (Vetoquinol, 2018 
Conclusions 412
In the current experiment, Zylkéne Equine had no significant effect on heart rate, 413 heart rate variability, core temperature, discrepancy between eye temperatures or 414 salivary cortisol. This indicates that this supplement does not affect a horse's ability 415 to cope with loading and confinement in a horse lorry at the dosage used. These 416 After selection, horses were withdrawn from testing if a) the owner chose to withdraw 441 the subject; b) C.I. deemed the horse physically or mentally unfit to continue, forexample, due to significantly increased HR on approaching the lorry; c) subjects took 443 longer than 5 minutes to load. Horses were monitored constantly throughout the test 444 via camcorder display screen by a researcher (C.I.) who remained in the lorry 445 throughout the test. The test would be stopped immediately if a problem occurred or 446 if the horse became overly stressed. If this situation occurred, the subject would be 447 immediately removed and returned to their stable, though this did not occur. 448
Zylkène Equine is an extremely palatable, apple flavoured supplement which can be 449 added to an existing diet. This ensured that there was no change to feeding or 450 management practices. Additionally, there are no known side effects of Zylkène 451
Equine and it is a product which is available 'over the counter' without a veterinary 452 prescription. This supplement is safe to feed in conjunction with other therapies and 453 in pregnant or lactating mares (Vetoquinol, 2018) . There is no long term risk to the 454 horse as this supplement is used short term, for the current study each horse 455 required only four doses (the last day being the day of testing). 456
Although no side effects were expected to occur, horses were removed from the 457 study if any adverse changes in behaviour were observed by the driver of the lorry, 458 the owner or the researchers. Furthermore, the horses used in this study only took 459 part with informed consent from their owners. The owners had the right to withdraw 460 the horses from the trial at any point. 461
All data recorded during the experiment was solely for the purpose of the research 462 described within the consent form and is only available to the researcher team. Any 463 information personal to the subjects and their owners were kept discrete in 464 compliance with The Data Protection Act 1998.
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